(12) INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) Worid Intellectual Property Orgaolzatioo 

International Bureau 

(43) Intematioiiat PublicaUon Date 
29 November 2001 (29.11.2001) 




III 



PCT 



(10) lotematkHial Publication Number 

wo 01/90816 Al 



(51) latcnuitioDal Patent Oassificatioa^: GO3F7/00, 

B41M 1/06, B81C 1/00 

(21) iDtematloiuil Application Number: PCT/SE01A)0787 

(22) iDteruadoaal FUiag Date: 10 April 2001 (10.04^1) 

(25) FiUugLansQ^: Swedish 

(26) PnbUcattoB Leneuase: English 



(30) Priority Data: 
0001931-5 



24 May 2000 (24.05.2000) SB 



(71) Applicant (for all designated States except VS)i OBDU- 
CAT AKTIEBOLAG [SE/SE]; RO. Box 580, S-201 25 
MalmO(SE). 

(72) Inventor; and 

(7Q Invrator/AppUcant ffbt US onlyji HEIDARI, Batek 
[SE/SE]; Sddn Ljungvagen 10, S-244 65 Ruulund (SE). 



(74) Agents: HYNELL, Magnus el aL; HyncU Patenttjanst 
AB, Patron Carts vag 2. S-683 40 Hagfois/Uddeholm (SE). 

(81) Designated States (national): AE, AG, AL, AM, AT, AT 
(utility model), AU, A2, BA, BB, BG. BR, BY. BZ, OA. 
CH, CN, CO, OR, CU, CZ, CZ (otiUiy model), DE, DE 
(ulflity model), DK, DK (utility model), DM, DZ, EE, EE 
(utility model), ES, FI, H (utility model), GB, GD, GE, OT, 
OM, HR, HU, ED, IL, IN, IS, JP. KB, KG. KP, KR, KZ, LC 
LK, LR, LS, LT, LU, LV, MA, MD, MO, MK, MN, MW, 
MX. M2, NO, NZ, PL, PT, HO. RU, SD, SB, SO, SI, SK, 
SK (utility modelX SL, TJ, TM. TR^TT, TZ, UA, UG.US, 
UZ,VN, YU, ZA,ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL. SZ. TZ, UG, ZW). Eurasian 
patent (AM, AZ, BY; KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
rr, LU. MQ NL, FT, SE, TRX OAH patent (BF, BJ, CF. 
CO, a, CM, OA, ON, OW, ML, MR,NB,SN,TD,TG). 

[Continued on next page] 



(54) Title: MBIBOD IN CONNECTION WIIH THE PRODUCHON OF A lEMFLATE AND TOE TEMPLAIE THUS PRa 
DUCED 

(57) Abstract: Method in connection with the production of a template, iHefenbly for 
nanoimprint iithogxaphy, which temjdate cooq^rises a flat plate (I) of a first materia] 
and a thiee-dimensicnia] suucnne (6, 8) of a second malarial, ananged on the plate, 
sdd second material introdnctoiy bdng applied on said plate, in die method, to fioim 
sffld stractme. Aoccmltog to the inventibn, said second material is thereat 
plate of said first material, by heat treattnent (Q) al at least 15(fC, for th& production 
of said temfdatc The invention also relates to a template which has been prodoced by 
use of die method. 



< 

00 

O 





A — ip- 



•-4 




wo 01/90816 Ai IliiaiilliliiililMBM 



PabHshcd: ^<or two-leuer codes and other abbreviations, refer to the "Guid- 

— wj7/t imemational search report tmce Notes on Codes and Abbreviations" (gearing otOte begin- 

ning of each regitlar issue of the PCTGazette. 



wo 01/90816 



PCT/SEOl/00787 



METHOD IN CONNECTION WITH THE PRODUCTION OF A TEN4PLATE AND 
THE TEMPLATE THUS PRODUCED 

TECHNICAL FIELD 
5 The present invention r^es to a method in connection with the production of a 
tenq)late» which tenqplatecoxnprises aflat plate of a first material and atiiree- 
<Smeanonal stnicture of a second material^ ananged on the pl^ 
introductory being applied on said platei, in tiie mettK>d» to form said stnicture. The 
method has primarily been developed for use in connection with the production of 
10 semiconductor oon^onents by use of nanoimprint litfaography» the teaq)l8te produced 
aocorffing to the method bduD^ used as a teoqilate in connection ^Mth series produ^ 
of such semiconductor conq>onents, but it may ako be iised in connection with 
nanoimprint lithography on other rigid materials, such as ceramic materials, metals or 
polymers with a relatively high glass transition ten4>erature, for us in e.g. biosensors. 

15 

PRIORART 

Tlie trend in miapodectronics is towards ever smaller dsmrasions. In principle^ 
development has been such that tiie dimenaons are halving every third year. 
Commercial components are being manufactured todqr with structures of roug^ 

20 nm in size, but tiiere is a need to go even forther down in dimensions^ to < 100 nm. 
Reseandi conceriung components based on quantum efibcts is now 
demand is being created for a commerdally applicable manuftctuii^g technique for 
components with dimensions < 10 nm. These nanocomponents can be produced 
currently uong smal tedmology in individual specimens^ for researdipurposes» but for 

2S mass production a parallel production method is required. One such parallel production 
method that has been developed in recent times is nanoimprint lithograpl^ (NILX US 5, 
772. 905, which has set out the basic preconditions for the mass production of structures 
dose to atomic scale, seeStephen Y. Chau, Peter K Krauss, Wei Zhang, Ung/ie Guo 
andLeiZhiong: "SulyJOnm imprint Uihognphy and i^ipllcc^ J. Vaa Set 

30 TechnoL B, Vol 15. No 6 (1997). 

The basic principle of NIL is mechanical deformation of a thin film li^er, i^ch is 
coated onto a flat plate of silicoa The MIL process can be compared with the pioduction 
process for CDs and can be described in three stages: 
35 L Pn)ductionoftenQ>late: A template can be pn^ducedfiom various rnater^ 
. metal, semiconductor, ceramic or fix)m certain plastics. To create a three- 
dimensional structure on one surface of the tenq)Iate, various lithographic methods 
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can be used, depending on the requirements for the size of the structutes and Ihdr 
resohxtion. E-beam and X-ray lithography are nonndly used for structure 
dimensions that are less tiian 300 nnt Direct laser exposure and UV lithography are 
used for lai:ger structure, 

5 2. Imprint: A thin lay^ of a polymer, e.g. polyamide, is applied to a flat substrate of 
silicon. The layer is heated and at a certain ten^erature, the so-caUed imprint 
temp^ature, the predefined tenqilate and sub strate are pressed togedier, the inverse 
of the template's atmcture being transferred in the polymer layer to the substrate. 
After a loweriqg of tiie temperature^ the teniplate is sq^arated fimn tte 

10 3. Structure transfer In the areas pressed togedier in tiiepolymar lay 

polymer remains. The last stage is removal of this thin remaining layer on tiie 
substrate. This is canied out in a so-caUed'^OE'* or Oiplasnmuni^ Thetlumier 
this reinaining layer is, the finer the stnicAures that can be created u^ 
nanoiinprint process. 

15 

A known method which is used in step 1, i.e. the production of the teoqplate, is so called 
plating, more specifically electroplating. In that method, a flat plate of a srauconductor 
mataial or glass is coated by a layer of a polymeric material, a so called renst, 
preferably a positive resist A positive redst is defined in Ois comiection in that parts of 

20 the polymeric resist material, which have been exposed to rufiation, may be ranoved by 
a devdoping process, usually a developing badt By radiation, ag. by dectnm beam, 
UVraifiation, ^osure to laser or X-ray, there is defined a pattenimnanonMternze in 
the resist, wfamafier the resist is developed in tiie radiated parts tiiereo^ according to 
the pattern, so that the plate is exposed in these parts. Atiunlaya*ofametal,e.g. Cr, 

25 Au, Ag or Al, is tb^-eafter applied on the e9q[K)sed parts of the plate and also on the 

remaining parts of the resist. The metal is thereby applied in a layer ^ch is adequately 
even and co v^g in order to thereafter be able to be evenly contacted for an even 
voltage distribution, in a subsequent dectroplating process. In such an electroplating 
process, the metal layer constitutes an elertrode on vAUch a thickor layer (typically of 

30 about 300 (un) of e.g. Vx is buiH up during^ electroplating. The Ni layer which has 
been bdte up is tiiereafter separated from the plate with the resist and ^ 
layer, maply by puUir^ them apart from each other, i^iereafier the Ki borer is ready to 
constitute tile desired traxplate. b this method, the structure 
brougbt to exhibit a height of usually about 110-130 nm, but possibly up to 300 nm. Ibe 

35 problem ofthe method is however that it courses niany steps, having 1^ 
parametm that havetobe tuned in. Furthermore^ it is often hard to achieve an 
adequately even voltage distribution m the plating and moreov^ , it is not posrible to 
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produce very small structures^ vAikt is ever more required following the development 
in the field. 

Another method which is used in the production of a template is so called etching. In 
S this case^ a flat plate of a semiconductor material, silicon/siHcon dioxide, is coated by a 
polymmc material, a so called resist, prefoably a positive resist. A pattern In 
nanomet^ size is defined in the resist by radiation, ntdseieafier the rettst is developed in 
the radiated parts thereof according to &e patteni, so that the plate is 
parts. A metal, e.g. Cr, is thereafter ap{died on the exposed parts of the phte, whereafter 

10 the remaming parts of the resist are removed in a lift-off process. The desired three- 
dimensional structure may now be developed by etching, by plasma etching, wheieby 
the metel according to the pattern constitutes a mask. Accordingly, the etdiing is 
pofformed in the semiconductor material and the structure is formed in this 
semiconductor material with the metal as a top lay ^ on the separate elemoxts of tte 

IS stni^ure. A problem i^ch quite often arises therd)y is that the etdiing also acts m 
latoal direction to a certain degree, causing that the noetal nuKtcrial ft>rms a liaf that 
somewhat protrudes oubnde every separate element of tiie structura lUs ''haf* rides to 
get cai^g^ in the polymeric material on the substrate in connection with imprint step no. 
2 aocordmg to the above, results in an unacceptable result of tii& inqirint 

20 

Up to now, it has not been possible to use a template ^^liere the three-dimensional 
structure only consists of a metal material which is q>plied according to fbs first steps m 
the etdiing method just described, i.e. the 8tq>s tqp to and inchiding the lift-off proce^. 
This depends on the &ct that the Q^al, wUdi in that case would be 
25 thickness, is too loosely adhoed to tiie plate. Accordingly, parts of ^ 

loose fiom the plate vdierdiy the template soon become useless for its purpose. 

BRIEF DESCRIPTION OF TEIE INVENTION 

The present invention aims at solving the above complex of problems and at presentqg 
30 a method m connection vrith the production of a template, preferably for nanoimprint 
Uthogrq^fay, whidi method is simple, dieap and repetitive and ^ch yields durable 
structures of small size and witii abenefidd profilefor a subsequent imprint stq). 

These and other purposes are attamed by the method according to the invention, as it is 
35 defined in the claims. 
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The template is produced according to the invention by the second, structure forming, 
material being applied onto the first mat^H the plate, accordiAg to atechnique known 
per 8e» e.g. by the forming of a pattmi in a resist material followed by evaporation d 
the second mat^ial onto the plate» wfaerd>y the resist material constitutes a maslc After 
5 this» a heat treatment stq) is conducted according to the invention at tt 150% but 
below the melting temperature for the second material, whereby the siiuctural details 
are foced onto the plate, for the formation of a durable template. 

"Without restricting the inveittion to a certi^ it is probable tiiat the desired fixing 
10 is achieved by chemical mteraction between tiie surfiu:es of the first and second 

material, facing each other. For example, i^en the first material consists of Si02 and 
the second material consists of Or, it is probable that duomium oxide is formed in the 
heat treatment, posobly only for afiew atoms in the interfiu^ layer, which efibcts a 
binding between the two materials. 

15 

DETAnJEDD DESCRIPTiaN OF THE INVENTION 

In the foltowing, the mvention will be described in greater detafl w^ 

drawings, of which: 

20 Fig. 1 is showing in msa-section, a number of dififerratthree-dime^ 

structures on a template, v^iereof some are b»efidal and others are non- 
beneficial. 

Fig. 2af<l is showing, in at>ss-section, the process steps for die production of a 

tenq>late according to a first embodiment of the invention, 
25 Fig. 3a-c is showing, in cross-section, tiie process steps for the production of a 

traiplate according to a second embodiment of fiie invmtion, 
Fig.4a<-c isshomx^inmasHBectionandalij^perqiective, SEM pictures of 

three Afferent templates whs dh have been produced according to the 

invration. 

30 

InRg. 1 &ere is shown, in'oross-section, anumber of (fifferant structural details which 
may be produced on atemplate, according to known tedmique. On aplate 1, there has 
been produced different imagined stmctural details 3a-e, of a material 2. Detail no. 3a 
exhibits a non-beneficial profile, which after imprint in a resist that has been softened 
35 by heating and solidified by cooling, on a not shovm substrate, risks to get cau^ in the 
resist on the substrate. This is also the case for structural detail no, 3b, which has been 
produced by etdiing according to the description above of known techniques, and which 
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exhibits a protruding ''hat". The structural details 3c, 3d and possibly even 3e are on the 
contrary beneficial for imprint Such structural details may be produced by 
electroplating according to the description above of known techniques, but not in sizes 
that are small enough and not with sufficient sinq>Ucity. According to the invention, 
5 there may beneficially be produced structural details according to ti» preferred 

examples 3c and 3d, on a template, in desired small dimensions, in a way that is nmple, 
cbe^, durable and r^etitive. 

In rig. 2a tiiere is shown, in cross^section, a plate 1 of a first material, e.g. a metal 

10 material, a semiconductor material or a polymmc material. The plate 1 has been coated 
on one side thereof; in a previous st^, by a layer 4 of a tenst material, suitably a 
positive resist. The resist material 4 is e9q>osed to radiation 5 which defines a pattern for 
the derired structure, the radiation S preferably consisting of an electron beam. It is 
howevo* also conceivable to use radiation in the form of e.g. X-ray radiation, laser 

IS radiation or UV nutiatioa The pattern may e.g. ccmsist of lines or dots in the resist 
material 4. Li Fig. 2b, the template is shown aft^&e resist matmal 4 having been 
developed in a maimer known per se, so that the plate 1 is esqsosed according 
pattoB in the radiated parts of the pattern, and after the second material 6 acoordiqg to 
ibe invention having been applied, preferably by evaporadon, on the thus eoqx)8ed parts 

20 offheplate 1. The second material 6 consists ofa metal inaterial, preferably chosen 
firom the group that consists of M Ki, Q:, W, Ti, Au or aUoys of the sa^ 
and is applied witfi atiiickness of about ISOA- 300 nm, fiu'thefbrmation of adire&> 
dimen»onaI structure. Of course, metal 6' will sdlle on the resbt material 4 too, in 
connection with the evaporation, t^i^ however is of no relevance to die invration. In 

25 connection with this, it is an advantage of the in^xtionduit the thiclm^ 
dimensional structure is very easy to control at the evaporation. 

lb Fig. 2c, the rest of the resist material 4 has been removed, as has metal material 6' 
lying on the same. This has preferably been done by use of a lifi-ofif process, ag. 
30 dissolviiig in acetone^ ^cb process is known parse. The metal materia 

die plate I and forms the desired three-dimensional structure, which however is too 
loosely adhered to the plate l8tthisRK)ment, for the plate ^ 
usedasatea^>late. 

35 In Fig. 2d, there is shown how the metal material 6 has changed somewhat in profile 
after a heat treatment step according tothe invention, which has been symbolically 
denoted by a ""Q**. The profile has therdby, to a slight extent, become more benefidally 
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sloping and moreover^ which is most important, the metal material 6 has been fixed to 
the plate 1^ probably by chemical interaction in the inter&ce between the metal material 
6 and the plate 1 . The heat treatm^ Q is according to the invention performed at a 
teaq>erature which is lower than a melting tenq>erature for tibe metal material 6 and 

5 whidi of course is also lower than a melting temperature for the material of the plate 1. 
Suitably, the tempoature duriqg the heat treatment is at least preferably at least 
2SVC and even more prefianed at least SSO^Q but 800X at the most, preEbrably 7S0^C 
at the most and even more preferred 6S0^C at the most Furthermore^ tiie heat treatment 
is performed during a time pmod of at least 1 minute, preferably at least 2 minutes and 

10 even more preferred at leasts minutes, but 2 hours at the most» preferably LShoursat 
the most and even more preferred I hour at the most The heat treatment may take place 
in an atmosphere containing oxygen, but also in an atmosphere of nitrogen gas, and may 
be performed in an oven, on aheatix^ plate or in another way. 

IS InFig. 3a-^ there is shown the process stq)s for production ofatenq)late according to a 
second embodiment of the invention. The plate 1, which may be of the same matmal as 
the plate in Fig. 2a-d, has in Fig. 3 a been coated by a 1 SO A - 300 nm thidc layer of a 
polymeric material 7, preferably a resist and even more i^n&mi a negative resist, e.g. a 
negative mist vAAch is sold by Micro Resist Technology GmbH under tiie name SUB. 

20 A negative resist is defined in Hm connection by the polymeric resist material being 
cross-linked at exposure to heat or radiation^ whereafte- non-exposed parts may be 
renu)ved by aid of a devdoping process, usually a develq>ing bath of different type 
dq)ending on the type of resist. The reast 7 is exposed to radiation S, i^ch defines a 
pattem for the desired stnicture, the radiation 5 aiitably consisting of an electron beam. 

2S It is howev^ also conceivable to use radiation in the form of e.g. X-ray radiation, laso- 
radiation or UV radiatioa Hie pattem may e.g. consist of lines or dots in the resist 
material?. 

Fig. 3b is diowii« the template after the resist material 7 ha^ 
30 numntt- known pa* se, so that the non-e3q)Osed parts oftfae resist 7 has been removed. 
The remaining parts 8 are cured by heat treatnient at a tempoaturetiiat is to 
tenq[)erature for the heat treatment according to the invention, wfaereaft^ the structural 
details 8 are subjected to tiie heat treatment acccmfing to the inv^ 
denoted "XT- Also in this case, the heat treatment results in a somev^ more sloping 
35 profile (Fig. 3c), and in that the ^ctural details 8 are bonded to the plate 1. The heat 
treatment Q is performed in the same way as has been desoibed with reference to Fig. 



wo 01/90816 



PCT/SEOl/00787 



2d, but preferably at a temp^Eture which is in a lower pait of the defined range> e.g. at 
about 260u300^C 

Tn Fig. 4a-c there is shown.three different templates which have been produced 
5 accordmg to the first embodunent of the invention, and which accordingly have been 
heat treated for 10 minutes at 400^C and 600*^0, respectively. The tiiree- 
dimensional structure consists of lines of aluminium appUed on a plate of silicon. 
Already at a heat treatment at 200''C ^ig. 4a), the metal adheres well to the plate and 
the profile is good enough for imprint purpose. At a heat treatment at 400^C (Fig. 4bX 
10 the profile of the structural dements has become somewhat more benefidaHy doping, 
and at 600X (Fig. 4c) it is evident that the profile is condderd>Iy doping. 

Preferably, but definitivdy not necessarily, the template which is produced is used in a 
device for litbogn^hy of structures of nanomet^ size^ as is described in the co-pending 
15 application S&-A0-9904S 17-1 of the same applicant. 

The invention is not limited to the embodimrats desoibed above, but may be varied 
within the scope of the cUiims. Accordingly, it is realised that the method for the 
producdon of a template also may be used in connection with the production c£ other 

20 objects tiian semiconductor components, biosensors etc., e.g. in cranection with the 
production of Ca>'s (Compact Discs). It is also realised tiistfiie second, structure 
formii^ matnrid may be applied onto tibe first material in odier wiys, posdbly not 
devdoped. Iti this connection it is dso conceivd>le that the first and the seccmd materid 
condst of the same materid. Furthermore, it is realised that the redst layer whidi is . 

25 used in connection with the application of the second materid according to the 
invention, with reference to Fig. 2a, i^dioi this second materid consists of a metd 
material, may be formed fiom more than one layer, e.g. a lower layer of a positive resist 
and an upper layer of a n^;ative resist, with the purpose of adiieving benefidaliy 
undercut profiles in tiie resist nmterid, as is described in the co-pending application SB- 

30 AO-0001430-8 of the same applicant. 
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CLAIMS 

1. Medbodm cK)imection with the production of a template 

lithography, which t^Iate comprises a flat plate (1) of a first matenal and a three- 
5 dimensional structure (6, 8) of a second material, arranged on the plate, said second 
material introductory being applied on said plate, in the mediod, to form said 
structure, characterised in that smd second material thereafter is fixed to Ihe 
phrte of said first material, by heat treatment (Q) at at least ISOX, forthe production 
of8aidten4>late. 

10 

2. MfidK>d according to claim 1^ characterised in tiiat said first material 

fix)m the group that consists of metal materials, semiconductor materials, ceramic 
matmals or polymeric materials. 

15 3. Method according to claim 1 or 2, characterised in that said second material 
consists of a metal material, preferably diosen firom the group that consists of Al, 
^ ^\ Cr^ W, Ti, Au and alloys of these materials. 

4. MMhod according to claim 1 or 2, characterised in tiutt said second material 
20 consists of a polymeric material, prefierably a redst material. 

5. Method accordiiig to any one of Ifae preceding daims^ characterised in that said 
heat treatment (Q) is performed at atemperature which is lower than a melting 
temperature of said second material, suitably a temperature of at least 200*^C 

25 preferably at least 2S0''C and even more prefbred at least 3S0^C, but 800^C at the 
most, preferably 750^C at the most and even more preferred 650^C at the most 

6. Method accordmg to any one of the preceding claims, characterised in that said 
heat treatment ((^ is performed during a time period of at least 1 minute, pi^^ 

30 at least 2 minutes and even more preferred at least 5 minutes, but 2 hours at 1^ 
mos^ preferably 1*5 hours at the most and even more prefened 1 hour at the most 

7. Method according to any one of the precediqg daims, characterised in that said 
heat treatmmi (Q) is performed in an atmosphere containing cnoneiL 

35 

n 
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8. Method according to anyone of claims 1-6, characterised in that said heat 
treatment (Q) is p^ormed in an atmosphere of nitrogen gas. 

9. Method according to daim 3, characterised in that said introductoiy application 
5 of said second material comprises tiie steps tiiat 

(a) said plate (1) is coated with a layer (4) of a resist material on one of its sides, 

(b) the resist material (4) in 8tq> (a) is e3q)osed to a nuliation (5) 
pattern for said structure, preferably by means of an dectnmbeam, 

(c) the lesist material (4) in step (b) is developed bo that the plate (1) is esqiosed 
10 according to tile pattern, pref&ably in the radiated parts of the pattern, 

(d) said second matoial is applied, preferably by evaporation, on the eaqposed parts 
of the plate (IX and that 

(e) the remaining part of the resist material is removed, pref^ably in a lifi^ofiT 
process, whereafter said second material remains on the plate (1) and forms said 

15 structure (6). 

10. Method according to daim 4, characteri sed i n that said introductoiy applicatioii 
of said second material conqnises the steps that 

(a) said plate (1) is coated mth a hiyer (7) of said second material on on^ 
20 sides, 

(b) the second material in step (a) is exposed to eradiation (5) wfaidi defines a 
pattern for said structure, prefin^ly by means of an electron beam, 

(c) the second material in stqp (b) is developed so that the plate (1) is exposed 
according to the pattern, preferably in the non-radiated parts of the pattern, and that 

25 (e) the renaming part of the second material is cured at a temperature which is 
lower than the ten^erature for said heat treatment, whereby said second material 
forms said structure (8). 

1 1 . Method according to any one of the preceding claims, char acterts ed in that said 
30 second material is applied at a thickness of 150A-300 nm for tfie formation of said 

structure (6, 8). 

12. Template for nanoimprint lithography, which template conq>rises a flat plate (1) of a 
first material and a three-dlmensiorud structure (6, 8) of a second material, arranged 

35 on the plate, characterised in that said plate has been produced by use of fhe 
method according to any one of claims 1-1 L 
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